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Brook Rearrangement-Mediated Formation of Carbocycles
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Use of Ketone Enolate as a Nucleophile
Introduction of a Carbanion-Stabilizing Heteroatom
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Reaction of α,β-Unsaturated Acylsilanes with  Lithium Enolates
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Attempted Synthesis of Heteroatom-Substituted Carbonylsilanes
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Brook Rearrangement-Mediated [3 + 2] Annulation
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Preparation of β-(Phenylthio)- and β-(Trimethylsilyl)Acryloylsilanes 
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A Proposed Reaction Pathway for the [3 + 2] Annulation
SiMe2Bu
t
O
X
LiO R
X RO
SiR3O
PhS RO
OSiMe2Bu
t
OSiMe2Bu
t
PhS OH
R
X RO
OSiMe2Bu
t
X RO
OSiMe2Bu
t
OSiMe2Bu
t
Me3Si OH
R
R
X
O
t
BuMe2SiO
Me3Si RO
OSiMe2Bu
t
H
R
Me
OH
t
BuMe2SiO
+
X = Me, SiMe3
X = SiMe3
+
X = Me
X = SPhpath a
path b
vinylcyclopropane-
cyclopentene rearrangement
Does the phenylthio group stabilize the α-carbanion more strongly
than does the trimethylsilyl group ?
Does the oxyanion accelerated vinylcyclopropane rearrangement
occur at low temperatures below -30 °C?
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Synthesis of the Vinylcyclopropanolate Intermediates
Me3Si
Me
O
tBuMe2SiO
Me3Si
OTBS
Me3Si
Me
O
tBuMe2SiO
CH3
CH3O
(CO)5Cr
Me
OAc
CH3Li
(2 eq)
Me
OAc
Me3Si
Me
O
tBuMe2SiO
CH3
O
+
Synthesis of the Vinylcyclopropanolate Intermediates
Me3Si
TBSO
Me
OAc
Me3Si
OTBS
O
Me3Si
SiMe2Bu
t Li S
Ph
O O
(CO)5Cr
Me
OAc
CH2Cl2
CH2Cl2
OTBS
SiMe3 SiMe3
TBSO
Me
OAc
Me3Si
SiR3O
SO2Ph
SiMe3
TBSO
OAc
Me
Me3Si
TBSO
OAc
Me
Me3Si
OTBS
(E) (73%)
(Z) (85%)
-80 ° to -30 °C
THF
+
-40 ° to -20 °C
+
-40 ° to -20 °C
+
syn-(E) anti-(E)
anti-(Z)syn-(Z)
(E, Z)
(28%)
(58%)
1.3 : 1
1 : 1
+
Oxyanion Accelerated Vinylcyclopropane Rearrangement
Kei Takeda, Keiki Sakurama, Eiichi Yoshii Tetrahedron Lett. 38 (18), 3257-3260 (1997).
Me3Si
Me
O
t
BuMe2SiO
0
!63
!0
!54
!59
!76
!52
!76
1
!89
!34
!81
!31
!10
!14
!20
!16
3
1
2
3
4
5
6
7
8
OTBS
Me3Si MeO
Me3Si
Me
OAc
t
BuMe2SiO
OAc
M e
Me3Si
TBS O
Me3Si
TBS O
Me
OAc
SiM e3
TBSO
OAc
M e
S iM e3
TBSO
M e
OAc
OSiMe2Bu
t
Me3Si OH
Me
OSiMe2Bu
t
Me3Si OH
Me
tBuMe2SiO
Me
O
Me3Si
H
anti-Z
syn-Z
MeLi
(2.2 eq)
THF
+
31
anti-E
-80 °C, 30 min
-80 ° to  -30 °C
-80 °C, 30 min
-80 ° to  -30 °C
-80 °C, 30 min
-80 ° to  -30 °C
-80 °C, 30 min
-80 ° to  -30 °C
conditions
yield (%)
cyclopropyl acetateentry
syn-E
0
0
0
0
6
9
6
8
2
2
+
(1.1:1)
(only E)
(1.1:1)
(17:1)
(1.7:1)
(5.7:1)
(1.7:1)
(only E)
(E:Z)
A Proposed Reaction Pathway for the Vinylcyclopropane Rearrangement
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A Proposed Reaction Pathway for the [3 + 2] Annulation
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Low-Temperature Quenching of the [3 + 2] Annulation (1)
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A Proposed Reaction Pathway for the [3 + 2] Annulation Using (β-(Phenylthio)acryloylsilanes
PhS RO
OSiR3
OSiR3
PhS OH
RPhS RO
SiR3O
OSiR3
PhS OH
R
SiR3
O
PhS
R
O
SiR3O
S
Ph
LiO R
SiR3
O
SPh
+
+
E
+
Z
Kei Takeda, Kenji Yamawaki, Noriaki Hatakeyama J. Org. Chem. 67, 1786-1794 (2002)
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Application of the [3 + 2] Annulaton to the Synthesis of Biologically Important Molecules
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Mechanistic Studies of the [3 + 4] Annulation
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Takeda, K.; Takeda, M.; Nakajima, A.; Yoshii, E. J. Am. Chem. Soc. 1995, 117, 6400-6401.
Takeda, K.; Nakajima, A.; Takeda, M.; Okamoto, Y.; Sato, T.; Yoshii, E.; Koizumi, T. J. Am. Chem. Soc. 1998, 120, 4947-4959.
Takeda, K.; Nakajima, A.; Takeda, M.; Yoshii, E. Org. Synth. 1999, 76, 199-211.
A Reaction Mechanism of the [3 + 4] Annulation Using the Reaction of Acryloylsilanes
with the Lithium Enolates of Alkenyl Methyl Ketones
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Kei Takeda, Daisuke Nakane, Mika Takeda Org. Lett. 2, 1903-1905 (2000)
Synthesis of the Tricyclic Skeleton of Cyathins
Using Brook Rearrangement-Mediated [3 + 4] Annulation
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O
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Formation of Eight-Membered Carbocycles by [3 + 4] Annulation (1)
R3SiO
O
R'
R3SiO
R'
O
O
R3SiO
R'
HO
CH2CO2R
R3SiO
R' Y
X
OLi
SiR3
O
R'
OLi
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Formation of Eight-Membered Carbocycles by [3 + 4] Annulation (2)
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α-Hydroxylation of Bicyclo[2.2.2]decenones
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Tandem [3 + 4] Annulation /α-Hydroxylation
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Kei Takeda, Yuji Sawada, Koichi Sumi Org. Lett. 4, 1031-1033 (2002)
[3 + 2] Annulation Using a Double Brook Rearrangement (1)
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[3 + 2] Annulation Using a Double Brook Rearrangement (2)
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Reaction of Acryloylsilanes with KCN/18-crown-6 in the Presense of MeI
Kei Takeda, Yuji Ohnishi Tetrahedron Lett. 41, 4169-4172 (2000).
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Reaction of Metalated  β-Silyl-α,β-epoxides with Electrophiles
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Preparation of β-Silyl-α,β-epoxyaldehyde Cyanohydrins
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+
Reaction of Cyanohydrins of β-Silyl-α,β-epoxyaldehyde with LDA in the Presence of Alkylating Agents
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-
-
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+
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1 2
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H
Reaction of Cyanohydrins of β-Silyl-α,β-epoxyaldehyde with MN(SiMe3)2 in the Presence of Alkylating Agents
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Kei Takeda, Eiji Kawanishi, Michiko Sasaki, Yuji Takahashi, Kentaro Yamaguchi Org. Lett. in press.
E/Z Ratios of the Alkylation Products Depending on the Bases Used
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Increased Z-Selectivity  in Less-Polar Solvents
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An Explanation for the Enhanced Z-Selectivity in Less-Polar Solvents
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Chelation-Assisted Syn-Elimination Mechanism for a Base-Promoted Ring Opening of Epoxides
HO CN
O
CN
H
O
CN
H
O H
Li N
R
R
CN
O
CN
Li
!"#$%&'('#)*'+#LDA
-78$°C, 5 min
LDA
-78$°C, 30 min
E1CB-like
Comparison of the Relative Rates of Ring Opening of the Diasetereomers
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Plausible Mechanisms for the Base-Promoted Ring Opening of O-Silyl β-Silyl-α,β-epoxyaldehydes
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An Explanation for Relatively Favorable Formation of (Z)-Derivatives from Diastereomer A
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